Background: Infantile hemangioma (IH) is the commonest vascular tumor affecting children that appears in the first 2 weeks of life and follows a proliferative phase that continues during the first year of life. After then, it undergoes involution, which lasts for several months or years depending on the size, site, gender, and development of complications. The purpose of this prospective study was to evaluate the correlation of age and duration of propranolol therapy to the outcomes of infantile hemangioma. Methods: A prospective study included 28 patients with IH in which the propranolol therapy was initiated in a dose of 3 mg/kg/day divided into two to three doses. The surface area of IH was calculated monthly using AutoCAD software. Treatment with propranolol was discontinued when there was no more decrease in the surface area for two consecutive visits. Eleven males and 17 females completed the study. The age at initiation of therapy ranged from 2 to 16 months while at the end of therapy it was 9 to 23 months.
Results:
The mean difference percent of surface area at 6 months was (51.1 ± 16.3), while at the end of the treatment course was (75.0±16.8) which was statistically significant (P < 0.0001). In addition, a significant inverse correlation was found between the age at the beginning of treatment and the difference percent of surface area. A similar inverse correlation was observed between the age at the beginning of treatment and the duration of treatment.
Conclusion: In addition to the safety and efficacy of propranolol therapy for IH, a higher response rate can be gained with early treatment and a prolonged course of therapy. In addition, propranolol therapy should be continued until there is no more response for two consecutive months regardless of the age of therapy initiation and the duration of treatment.
Background
Infantile hemangioma (IH) represents the commonest benign tumor during infancy, and it is the most common type of vascular tumors affecting children [1] . It can be seen in 4-10% of children and having female sex preponderance [2] .
The characteristic proliferative phase of IH takes place in the first year of life, with maximal growth occurring during the first 6 months after birth, during which it increases in size, depth, and color, with increasing possibility of bleeding and ulceration. The involution phase starts thereafter and may continue up to 5 or even 10 years [3] .
Many strategies had been adopted for the treatment of IH, among them are B-blockers which emerged to be the first choice. In 2008, "Leaute-Labreze" was the first to describe the effectiveness of propranolol in the regression of IH when the drug was prescribed for a baby with hypertrophic cardiomyopathy [4] . From this date on, many researchers investigated the use of B-blockers in this context. In March 2014, propranolol got US Food and Drug Administration approval for its use in treating infants aged more than 5 weeks with IH in a dose of 3 mg/kg/day for 6 months duration. The same report recorded 11.4% rebound growth of IH that necessitated retreatment [5, 6] .
Although the exact mechanism of action is still not clear, propranolol exerts its effect possibly through vasoconstriction consequent on decrease of the release of nitrous oxide and inhibition of angiogenesis by downregulating the expression of endothelial growth factor (EGV) and to a lesser extent the basic fibroblast growth factors (bFGF); in addition, there would be an apoptosis of capillary endothelial cells [7] [8] [9] .
The present study aims to evaluate the effect of age and duration of propranolol therapy on outcomes of patients with IH intending to get the best results with the least side effects and least incidence of rebound growth Method A prospective study was carried on a pediatric age group complaining from infantile hemangioma. The children visited a pediatric surgery clinic from July 2015 until October 2017. The study was approved by the Medical College Ethical and Scientific Committee.
During the study period, 54 patients with IH underwent a thorough history and clinical examination that proved the diagnosis. Ultrasound and Doppler studies were adjuvant in certain cases. The inclusion criteria were fascial, genital, and complicated IH. In addition to cosmetic and disfigurement caused by the hemangioma. The exclusion criteria were "PHACE" syndrome, bradycardia with or without hypotension, wheezy chest, and history of hypoglycemia. Accordingly, 28 patients with IH fulfill the criteria. After that, the parents or caregivers of eligible patients were educated about the condition and the treatment protocol with obtaining their written informed consent.
Treatment protocol
Propranolol was prescribed to all cases in a dose of 3 mg/ kg/day in two or three divided doses. Parents were instructed to use the drug daily with a monthly visit to assess the response, adjust the dose, and to record any side effects or complications of treatment. The parents were advised to increase feeding especially for infants below 6 months of age to avoid hypoglycemia and to phone call or visit the clinic when they experience any changes in their child before the monthly visit. Before starting the treatment and in every monthly visit, the lesions were measured in dimensions according to their geometric shape and photographed. The surface areas were calculated using AutoCAD 2017 software which is commonly used in the processing of medical images [10, 11] and compared with the last reading. Treatment with oral propranolol was stopped gradually over a period of 2 weeks when no decrease in the surface area of the lesion for two consecutive visits was observed. After the stoppage of treatment, the patients were followed up for 4 to 6 months to exclude the rebound growth of the IH.
Statistical analysis
Analysis of data was carried out using the available statistical package of SPSS-24 (Statistical Packages for Social Sciences version 24). Data were presented in simple measures of frequency, percentage, mean, standard deviation, and range (minimum-maximum values).
Paired t test and ANOVA were used for testing the significance of difference in percent of surface area. Pearson correlation was calculated for the correlation between two quantitative variables with its t-test for testing the significance of correlation. The correlation coefficient value (r) either positive (direct correlation) or negative (inverse correlation) with value < 0.3 represents no correlation, 0.3-< 0.5 represents weak correlation, 0.5-< 0.7 moderate strength, and > 0.7 strong correlation. In addition to correlation, the r 2 was calculated (the coefficient of determination), i.e., when the value of r = 0.58, then r 2 = 0.34, this means that 34% of the variation in the values of y may be accounted for by knowing values of x or vice versa. Statistical significance was considered whenever the P value was equal to or less than 0.05.
Results
Twenty eight patients out of 52 completed the study after they met the inclusion criteria. Figure 1 shows the flow diagram of the participants in the study from assessment for enrollment through intervention to the outcomes.
Boys represented 39.3% while girls constituted 60.7% in a male: female ratio of 1:1.5. The age of the patients at the beginning of the study ranged from 2-16 months (mean 5.7 ± 3.9); while at the end of the study, the age ranged from 9-23 months (mean15.9 ± 3.5). Treatment duration ranged from 6 to 15 months with a mean of (10.2 ± 2.6). The head was the commonest site of IH in 8 patients (28.5%). Seven patients (25%) had complications (bleeding ± ulceration) before starting the treatment, while two patients only showed rebound growth after cessation of treatment (Table 1) .
No serious side effects developed during the treatment period that required discontinuation of therapy apart from sleep disturbance in one infant and development of wheezy chest in another that required a temporary stoppage of the treatment for 5 days.
A greater difference percent of surface area can be achieved when the treatment started early ( Table 2) , and there is a significant strong inverse correlation between age "at the beginning of treatment" and difference percent of surface area (R 2 linear = 0.482 at 0.01 level, P = 0.0001) (Fig. 2) . The mean difference percent of surface area that had been achieved after 6 months of treatment was 51.1 ± 16.3 and at the end of therapy was 75.0 ± 16.8 with a significant P value = 0.0001 ( Table 3 and Fig. 3 ) Figure 4 shows that those patients who started propranolol therapy at early ages required a more prolong course of treatment to achieve regression of lesions with an inverse correlation between age "at the beginning of treatment" and the duration of treatment (R 2 = − 0.234 at 0.01 level, P = 0.009).
Discussion
Many studies had established the efficacy of propranolol in treating complicated or problematic IH, but till now there is no consensus regarding the optimal duration of treatment with scarcity of research emphasizing the effect of age on the expected rate of regression. In this study, we used oral propranolol therapy as the first line of treatment for cases of IH starting at early ages as we can as possible and continued for variable periods with analysis of our data to decide the best age of starting treatment and the recommended duration of therapy There is a general agreement that propranolol is effective in lightening up and reducing the size of IH when given early in the proliferative phase of development [12, 13] . According to Fuchsmann et al. [14] and Smithson et al. [15] , these changes continued thereafter. Theories suggest that propranolol impedes the growth of hemangiomas by its antiangiogenic activity and induction of apoptosis when given early. Nevertheless, several case studies have further provided evidence of the dramatic response of massive, proliferating, life-threatening, and involuting lesions to propranolol therapy [16] [17] [18] . In the present paper, we noticed that the earlier initiation of propranolol therapy within the proliferative phase, the more reduction in the different percentage of surface area with a A previous Turkish study showed that there is no statistically significant relation between the age of initiation of propranolol therapy and the response rate, but there was a significant increase in the response rate in association with the duration of therapy [19] . The mean difference percentage of the surface area of IH at 6 months of treatment was 51%, while it was 75% at the end of completed treatment with a statistically significant P value of 0.0001 (Table 3) . A considerable number of patients continue to exhibit a significant reduction in the difference percentage of surface area when treatment extended for more than 6 months (as shown in Fig. 3 ) and those patients who did not show any difference in the percentage of surface area for two consecutive months of propranolol therapy were actually stopped exhibit regression of the lesion and considered for termination of treatment. Chang et al. described that treatment duration depends on patient's response rather than the age at which therapy was initiated [20] ; they noted that a longer duration of treatment is usually required for those patients who experience partial regression of the lesion and those in which the recurrence rate is frequently high and the best time to stop treatment is when complete regression achieved [20] . Analysis of our data showed that there was a significant inverse correlation between the age of the patients at the initiation of therapy and duration of treatment (R 2 linear = 0.234 at 0.01 level, with statistically significant Pearson correlation P = 0.009) (Fig. 4) , the younger ages at starting treatment required longer duration of treatment. Patients who were treated earlier were probably in the earlier period of the proliferative phase and therefore they required longer treatment. This is also could be attributed to the fact that, starting to treat large size hemangiomas in a young infant showed a dramatic response which encourages the parents to continue the therapy until nearly complete disappearance of the lesion (as in Figs. 6 and 7) . In contrast, when treatment starts late, the reduction in the surface area is not Rebound growth in IH after stopping propranolol therapy occurs in 6-25% of cases [21] . Shah et al. noted that in addition to hemangioma size, depth, gender, and location, the risk of rebound growth was linked to the duration of treatment and the age of discontinuation of therapy [22] . In this series, two patients (7.14%) developed rebound growth following cessation of treatment (Table 1 ). In one case, the patient was female with right labial hemangioma which start treatment at the age of 6 months and then the parents stopped the treatment abruptly at the age of 14 months without gradual tapering of the dose, which required resuming propranolol therapy for 4 weeks followed by gradual tapering for another two weeks. In the other case, the patient developed mild rebound growth of perianal hemangioma at age of 12 months in spite of 8 months duration of treatment and gradual tapering of propranolol therapy it was just mild regrowth and did not require repeating the propranolol treatment. Our finding of the recurrence rate is consistent with the study of Chang et al. who stated that rapid rebound growth occurs with sudden termination of therapy and that those patients with complete regression need 2 weeks of gradual tapering of treatment [20] .
The most common reported adverse effects of propranolol are transient bradycardia and hypotension. Other reported adverse effects include ECG changes (prolong PQ duration), sleep disturbance, hypoglycemia, bronchospasm, diarrhea, hyperkalemia, and gastroesophageal reflux [23] [24] [25] [26] . We encountered simple adverse effect of propranolol in two cases. One case was a female aged 7 months experienced sleep disturbances after 3 months from initiation of therapy, and it was temporary for 3 days only and disappeared without any intervention or modification of the propranolol dose. The second patient was an 8-month-old male who developed exacerbation of a wheezy chest following chest infection for which we temporarily stopped the treatment for 5 days only according to the report of consensus conference in 2013 by Drolet et al. [24] .
Conclusion
In addition to the safety and efficacy of propranolol therapy in IH, a higher response rate can be gained when the treatment initiated early and with a prolonged course of therapy. Propranolol therapy should continue until there is no more response for two consecutive months regardless of the age at which therapy initiated and the duration of treatment. 
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